Objectives: To examine changes in the pattern of force transfer between the foot and the floor associated with chronically sprained ankles by measuring the peak forces and their timing under several regions of the feet during level walking. Methods: Twelve young male subjects (mean (SD) age 21 (2) years) with recurrent ankle sprains were studied. Seven of them had unilateral and bilateral chronic instability and laxity, and five had bilateral instability. Twelve healthy men (without orthopaedic or medical disease) served as a control group. Subjects walked at their own pace along a 7 m walkway, which included a Mini-EMED pressure distribution measuring system. The variables measured were relative peak force (fraction of body weight) and relative timing (fraction of stance time). These variables were measured under six regions of interest in each foot print: heel, midfoot, medial, central, and lateral forefoot, and toes. Results: (a) A significant delay to the time of peak force under the central and lateral forefoot and toes in subjects with chronic ankle instability. (b) A significant decrease in the relative forces under the heel and toes and an increase in the relative forces under the midfoot and lateral forefoot in subjects with chronic ankle instability. (c) In the patients with unilateral instability, there were no significant differences in any of the variables between the injured and non-injured foot. Conclusions: In patients with chronic ankle instability, there is a slowing down of weight transfer from heel strike to toe off, a reduced impact at the beginning and end of the stance phase, and a lateral shift of body weight.
A nkle sprain is the most common injury in athletes and people participating in sport, representing 15-20% of all sport injuries. 1 In soccer and basketball, the risk of ankle sprain is even higher, being 45% and 31% respectively. 2 Half of the general population has at least one ankle sprain during life. In military recruits there is increased risk, mainly during sport. 3 About 20% of patients with an acute sprain will have residual complaints depending on the severity of the initial trauma. 4 5 There are intrinsic and extrinsic risk factors for chronic instability of the ankle. Among the latter are the type of physical activity, type of ground, and type of shoe wear. 6 Ankle sprains account for 25-50% of injuries in sports that include running and jumping, such as basketball, volleyball, soccer, and football. 7 It is the most common injury sustained by the cadets at the United States Military Academy, West Point: about one third have one or more ankle sprains during the four year programme, and about 350 of these injuries are evaluated and treated in their athletic injury programme each year. More than 50% of these injuries are moderate to severe and prevent the cadets from resuming full activity for at least two weeks. 3 Uneven ground may increase the susceptibility of soldiers to acute sprains. Traditionally soldiers wear high top military boots to prevent ankle sprains. However, it has been shown that they do not have any advantage over high basketball shoes. 8 Intrinsic conditions associated with recurrent ankle sprain may be congenital, such as tarsal coalition 9 and hyperlaxity of joints. 10 It was found that military recruits had more ankle sprains if the body mass moment of inertia was high and if they had a history of sprain. 8 Chronic ankle instability is assessed clinically and radiologically. Radiological evaluation includes mainly stress views of the ankle and may confirm mechanical laxity. 11 However, there is a low correlation between stress radiographs and functional status, and patients are usually defined as having functional instability based on their subjective complaint of the ankle joint ''giving way''. 12 13 The possible causes of functional instability of the ankle include proprioceptive disorder, 12 muscle weakness, and subtalar instability.
14 It seems that the leading cause is nerve injury within or proximal to the lateral ligament. This injury may reduce joint and skin sensation, weaken peroneal muscles, interfere with joint proprioception, balance, and posture stability, and elongate nerve conduction and reaction times, causing repeated ankle injury with or without demonstrable ankle instability. 15 Lofvenberg et al 16 have shown that delayed proprioceptive response to sudden angular displacement of the ankle may predispose to chronic lateral instability of the ankle. We hypothesise that patients with recurrent ankle sprains may have a typical altered gait pattern, which may be related to the altered connection between the central system and the injured muscle and/or nerves surrounding the ankle. This may play a role in the development of chronic ankle instability and laxity.
MATERIALS AND METHODS
Twelve male subjects with recurrent ankle sprain (more than three in six months) were studied using the mini-EMED plantar foot pressure system. Twelve normal healthy subjects, without any medical or orthopaedic diseases, served as a control group. We analysed the changes in the pattern of force transfer and peak forces under the feet during level walking in patients with chronic instability of the ankle (CI) compared with the control group.
Evaluation of gait may be performed using three dimensional motion analysis systems, force plates, or various plantar foot pressure distribution systems. The mini-EMED is a commercially available electronic system for recording and evaluating the distribution of pressures on the plantar aspect of the foot. The overall size of the pressure platform is with an accuracy of ¡ 5% and a sampling rate of 50 Hz. The maximal total force that can be applied is 86 900 N. All measurements were taken with the subjects walking barefoot over the pressure plate. Three walks for each foot (six walks for each subject) were recorded and printed. Each print consisted of a time peak-force curve for six regions of interest on the foot. The regions of interest, which were analysed automatically by the system software, were the heel, midfoot, lateral, central, and medial forefoot, and the toes. The time variables were calculated as the ratio of time from the start of the stance to peak force under the region of interest and the total stance time. The force variables were calculated as the ratio of the peak force under the region of interest to the body weight.
Five of the patients with CI had bilateral recurrent sprain. Seven had unilateral sprains, five on the left and two on the right. In each subject in the CI group, the two legs were compared in order to record differences in pattern, if any, between the five patients with bilateral sprains and the seven patients with unilateral sprains. The CI and control groups were then compared. Overall, 24 feet were examined in each group, among them 17 injured in the CI group.
Statistical analysis
Means (SD) were calculated for the different time and force variables. The differences within the groups and between the groups were compared using one way analysis of variance. Differences of p,0.05 were considered significant.
RESULTS
The mean age of the CI group was 20.8, and that of the control group was 23.4 years. The CI group was heavier by about 5 kg, but height and body mass were similar (table 1) .
There was a significant delay to the time of peak force under the central forefoot, lateral forefoot, and toes in the CI group (table 2) . There was significantly longer contact time of the heel and midfoot areas in the CI group.
There was a significant decrease in relative forces under the heel and toes and increase in relative forces under the midfoot and lateral forefoot in the CI group compared with the controls (table 3) . There were no significant differences in any of the variables between the injured and the non-injured foot in the patients with unilateral CI. Tables 2 and 3 give results for the 17 injured feet in the CI group compared with the 24 ''normal feet'' in the control group. As there was no significant difference between the right and left foot in the group with bilateral injuries and, even more importantly, in the group with unilateral injury (as one could have assumed), the results would not have changed statistically if we had presented results for all 24 feet in the CI group compared with the 24 feet of the control group.
DISCUSSION
Patients with CI had a different gait pattern from normal subjects. The longer duration of contact of the heel to central forefoot indicates a slowing down of weight transfer from heel strike to toe off. We speculate that this is because they are hesitating to put weight on the forefoot. The main factor in this longer contact time was found to be the delay to peak force under the central and lateral forefoot and the toes, which are in contact with the ground towards the end of the stance phase. The position of the foot at the end of the stance phase, which is in plantar flexion, is inherently less stable than at the beginning of the stance when the foot is in dorsiflexion. The shape of the talus, which is wide anteriorly and narrows posteriorly, inherently gives less stability while the leg is plantar flexed. It has been shown that examining the drawer sign of the ankle in 15˚of plantar flexion gives a larger anterior displacement. 11 The slowing down towards the end of the stance phase may indicate compensatory mechanisms, which give the foot enough time to stabilise. The greater forces under the midfoot and lateral forefoot indicate lateral shift of the centre of pressure. This lateral shift while the ankle is in its most unstable position of plantar flexion may increase the susceptibility of the ankle to sprain. Becker et al 17 found in a similar study that patients with functional instability also showed significantly increased lateral loading of the unstable foot. They suggested this to be due to reduced peroneal strength during the stance phase as the result of a proprioceptive deficit caused by trauma.
The similarity of the distribution of plantar foot pressure of the two legs of patients with unilateral CI may suggest that the central pattern controlling the stance is different from that in normal subjects, defining people ''at risk'' of developing CI. Louwerens et al 18 evaluated the electromyographic activity of the peroneus longus and anterior tibial muscles of 25 patients with CI. No significant difference was found between the symptomatic and asymptomatic leg of patients with unilateral instability under the same walking conditions. These findings suggest changes in the central control.
In conclusion, patients with CI have a different pattern of walking. They hesitate towards the end of the stance phase and tend to put a greater load on the lateral forefoot, causing a lateral shift of the centre of pressure. There is no difference between the injured and non-injured leg, suggesting that the central control of walking is altered. This requires further examination. 
Take home message
In patients with chronic ankle instability, there is a significant delay to the time of peak force under the central and lateral forefoot and the toes. In addition, the relative forces under the heel and toes are lower and those under the midfoot and lateral forefoot are higher than normal. This suggests that there is a lateral shift of the body weight, with a slowing down of weight transfer at the beginning and end of the stance.
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